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CRYSTAL GEOMETRY COMPUTER PROGRAM 

by 

L a w r e n c e P . B u s h and Lowel l T. Lloyd 

ABSTRACT 

A program which calculates various relat ionships of c rysta l geom­
etry has been prepared in FORTRAN notation for use with the IBM-704 
computer . The p r i m a r y outputs a re the angles between planes, and the 
angles between d i rec t ions , that a re required to construct standard s t e r eo -
graphic projections for any of the seven c rys ta l sy s t ems . Also, values 
a re tabulated for interplanar spacing, a rea of the unit para l le logram on a 
lat t ice plane, and the distance between identical points along a lattice di­
rect ion. The relations can be evaluated for permutat ions of Miller indices 
whose absolute values a re less than, or equal to, Z2, Redundant indices a re 
omitted from the output. The program has been made available for listing 
by the computer committee of the American Crystal lographic Association. 

I. INTRODUCTION 

When us ing s ing le c r y s t a l s in e x p e r i m e n t a l s t u d i e s , it i s n e c e s s a r y 
to know t h e i r s p a t i a l o r i e n t a t i o n . One of the m o s t convenien t and m o d e r a t e l y 
a c c u r a t e m e t h o d s of d e t e r m i n i n g the o r i e n t a t i o n of a s ing le c r y s t a l , or of an 
ind iv idua l g r a i n in an a g g r e g a t e , is the b a c k - r e f l e c t i o n Laue X - r a y d i f f r a c ­
t ion t e c h n i q u e . ' 1 •'̂ J Laue p h o t o g r a m s can be r e a d i l y so lved by us ing a 
G r e n i n g e r cha r t (3 ,4 ) t o g e t h e r with a s t e r e o g r a p h i c net and a s t a n d a r d 
p r o j e c t i o n for t he c r y s t a l s t r u c t u r e of the m a t e r i a l . The l a t t e r g r a p h i c a l l y 
r e p r e s e n t s the ang l e s bet 'ween the c r y s t a l l o g r a p h i c p l a n e s . S t anda rd p r o j e c ­
t i ons for cub ic s t r u c t u r e s , r e g a r d l e s s of the m a t e r i a l , a r e i d e n t i c a l . But 
s t a n d a r d p r o j e c t i o n s for c r y s t a l s y s t e m s of lower s y m m e t r y m u s t be p r e ­
p a r e d for e a c h m a t e r i a l b e c a u s e the ang l e s be tween p l a n e s involve the 
v a l u e s of the l a t t i c e d i m e n s i o n s as we l l as the ang le s be tween the p r i n c i p a l 
c r y s t a l l o g r a p h i c d i r e c t i o n s . As the c r y s t a l s y s t e m b e c o m e s l e s s s y m m e t ­
r i c a l , the equa t ion for c a l cu l a t i ng the angle b e t w e e n p l an es b e c o m e s m o r e 
c o m p l e x , and the n u m b e r of c o m p u t a t i o n s r e q u i r e d to c o n s t r u c t the c o m p l e t e 
s t a n d a r d p r o j e c t i o n i n c r e a s e s . T h e s e c a l c u l a t i o n s for the c r y s t a l s y s t e m s 
with low s y m m e t r y a r e qui te l a b o r i o u s and t i m e c o n s u m i n g . 

T h i s r e p o r t d e s c r i b e s a c o m p u t e r p r o g r a m which can be u s e d to c a l ­
c u l a t e v a r i o u s r e l a t i o n s of c r y s t a l g e o m e t r y for a l l of the s e v e n p o s s i b l e 
c r y s t a l s y s t e m s . In addi t ion to ca l cu l a t i ng the ang le s be tween c r y s t a l l o ­
g r a p h i c p l a n e s , the p r o g r a m a l so c o m p u t e s the ang le s be tween d i r e c t i o n s , 
o t h e r g e o m e t r i c a l r e l a t i o n s , which a r e deve loped du r ing the c a l c u l a t i o n of 
the a n g l e s , and an add i t iona l r e l a t i o n , which is o c c a s i o n a l l y of i n t e r e s t , 
a r e t a b u l a t e d in the output . 





II. MATHEMATICAL RELATIONS 

The formulas for computing the more important relations of c rys ­
tal geometry have been compiled by Barre t t .w) These equations for the 
most complex crysta l system, the tr icl inic system, are given below. The 
equations for the other crysta l systems are simplifications of these. 

The volume of the unit cell, V, is given by the equation 

V = abc [l - cos^a - cos^P - cos^T + 2 cosa cos /3 cos 7]^^^ , (l) 

where a, b, c, a, j3, and 7 have the usual meanings of the lattice constants. 
The equation for the distance d̂  between adjacent lattice planes is 

di = V[Siihf + Sjjkf + Sjjif + 2 S^hiki + 2 S^kj^i + 2 S^.hiiJ 

where hj, k-, and i^ are the Miller indices of a plane and 

Sii = b c sin a ; S12 = abc^ (cos a cos /3 - cosy) 

1/2 
(2) 

3̂ 2 = a^c^sin^ j3 

S33 = a''b''sin^ 7 

S23 = a^bc (cos /3 cos 7 - cos a) 

Si3 = ab c (cos 7 cos a - cos j3) 

The angle 0 between two crystal planes with indices (hikjii) and (h^kji^) 
is given by the relation 

cos 0 = did^V'^ [Snhihj + S^^kjk^ + 333^1^2 + Si2(hik2 + h^kj 

+ Sz3(ki4 + kz^) + Si3(^ih2 + 4hi)] 

The shortest distance Ij between identical points in a crystal 
lattice along a direction with indices [uivjwj] is given by the equation 

I = [a^u| + b^v| + c^w^ + 2 bcv^WjCos a + 2 cawiu^cos (3 

11/2 

(3) 

(4) + 2 abu^v^cos 7]' 

The angle p between the lattice directions [uiViW]] and [U2V2W2] is given 
by the relation 

cos p = [I1I2] [a U1U2 + b vjVj + c W1W2 + bc(viW2 + V2W]) cos a 

+ ac (wiU2 + W2U1) cos /3 + ab (uiV2 + U2V1) cos 7] . (5) 





The area A^ of the smallest unit paral le logram on the lattice plane 
(hikjii) is given by 

Ai = [S„hf + S22kf + S33i- + 2 Si2hiki + 2 S^^k^l-^ + 2 S^^h^Ji-] 1/2 • (6) 

Finally, the angle 6 between the direction [uivj^wj and the plane (h-Jn-j^i^) is 
given by the relation 

sin 6 = V^[AiI.]-'[u.h. +v.k. + wi.«i] (7) 

in . COMPUTER PROGRAM 

A. Discussion: 

The computer program is written in FORTRAN notation. Input data 
consist of the unit cell constants for the crystal s tructure, and some choice 
of output can be exercised by control pa ramete r s . Values are tabulated for 
the relat ions given by equations 1 through 6. Although A^ is not required to 
calculate 0 or p, it is convenient to have these values for further considera­
tions of the crysta l s t ructure . The angles 6 (see Eq. 7) are not calculated 
by the program because the possible permutations are extremely large, and 
normally only a few values of 6 are of interest . Since values of Aj, I ,̂ and 
V are available from the computer output, it is simple to calculate manually 
those values of 6 which are required. 

The angles 0 and p are calculated between the principal crystallo­
graphic planes or directions, respectively, and the plane or direction of 
interest . Since only two angles are required to locate the plane pole, or 
direction, with respect to the principal crystallographic elements on a 
standard stereographic projection, the two principal elements which are 
used can be selected with a control parameter M as follows: 

M 
Principal Crystallographic Elements 

(hiki^i) or [uiVjWi] 

1 0 0 and 0 1 0 
1 0 0 and 0 0 1 
0 1 0 and 0 0 1 

Miller indices h, k, and £ are varied in the order £, then k, then 
h. * The maximum values which are considered by the program for each 
one of the indices are selected as additional control pa ramete r s . As the 

* For the purposes of calculation by the program, the indices for 
directions, [uiv^wi], are replaced by the respective indices for 
planes, (h^kil^}. 





program is currently written, the maximum permissible value for the in­
dices is 22; however, it could be changed easily to extend the maximum 
value to any integer which is desired. For the triclinic and rhombohedral 
crysta l systems the program generates all possible combinations of posi­
tive and negative indices. Positive and negative values are generated for 
only one of the indices which pertain to the axes bounding the non-ninety 
degree angle in the case of the monoclinic crystal system. Only positive 
indices are generated for the other crystal systems. 

Redundant indices are omitted by the program: i.e., ( i l l ) is calcu­
lated, but (222), (333), etc., are eliminated; also, (321) is calculated, but 
(642), (963), etc., are eliminated; etc. Further elimination of redundant 
indices can be accomplished with the control parameters h, k, and i . For 
the hexagonal and tetragonal crystal systems, the maximum value of one 
of the two indices which refer to the axes with equal length is set equal 
to 1, and the other is set equal to the maximum index which is desired. 
The maximum value of two of the indices are set equal to 1 for the cubic 
system, and the third is set equal to the maximum index which is of inter­
est. 

The angles that are computed by the program for the cubic, hexag­
onal, tetragonal, and orthorhombic crystal systems are used directly to 
construct the unit portions of the standard stereographic projections. But 
this is not always true in the cases of the other crystal systems, for 
which permutations are made of negative as well as positive indices. 
Since the cosine is an even function, it goes through its range of values 
between 0° and 180°, and all computed angles are in this range. The per­
mutation of negative Miller indices resul ts in some angles which are 
greater than 180° in the true crystal s t ructure. For those angles, the 
computer tabulates values which are equal to 360° minus the true angle. 
The angles that are greater than 180° become obvious in the process of 
plotting the standard stereographic projection, and, in reality, they can 
be plotted as the tabulated value but in the opposite sense to that which 
is used for plotting the angles less than 180°. 

B. FORTRAN Notation: 

The following FORTRAN notations are used for the various 
input data and computed functions: 

Input 

a 
b 
c 
a 
i3 
7 
M 
h,u 
k ,v 
i .w 

FORTRAN Symbol 

A 
B 
C 
GA 
GB 
GG 
M 
J H 
J K 
J L 

Functions 

V 

<Ji 
Ii 
A j 

* 
P 

FORTRAN SymboUs) 

V 
DP.DQ.WD 
SIP.SIQ.WI 
AP.AQ.WA 
UUll.UUU 
VVll.VVlZ 





C Source Deck: 

A listing of the source deck for the crystal geometry computer 
program is given below. The program makes use of the following sub­
routines from the computer l ibrary: square root, cosine, sine, arc sine, 
absolute value, minimum value, and maximum value. 

C t U 8 2 / M E T l " i 3 LARRY BUSH X 3 6 5 8 
1 F 0 R M A T ( 6 E 1 2 . 5 / ' t I 6 ) 
2 F0RMATI//6VH A B C ALPHA BETA 
1 GAMMA V) 

i FORMAT(lPiE12.5,0P3F9.U,lPEI2.5) 
U F 0 R M A T ( / l ( 3 H H I K I L l D) I ) A U 
5 F 0 R M A T ( 3 I l l , 1 P 3 E 1 2 . 5 ) 
6 F 0 R M A T ( / 8 1 H H2 K2 L2 0 2 1 2 A2 PH I 

1 RHO P H I RHO) 
7 F O R M A K S I U , 1 P 3 E 1 2 . 5 , 0 P I ) F 9 . U I 
9 FORHATl r2H 

1 ) 
D I M E N S I O N P ( 8 I 

0 1 1 F ( T H , T K , I L ) = S 0 R T F I S I l « T H » T H + S 2 2 » T K » T K - f S 3 3 « T L « T L 
l t 2 . « S I 2 « T H » T K + 2 . » S 2 3 « T K « T L + 2 . » S I 3 « T H . T L l 

W I 2 2 F ( T H , T K , T L ) = S 0 R T F ( ( A » T H ) » » 2 + ( B » T K ) « « 2 t ( C » T L ) » » 2 
1 + 2 . » B » C « T K » T L « A 1 2 3 + 2 . » C « A » T L « T H « B 1 2 3 
2 + 2 . « A » B » T H » T K « G 1 2 3 ) 

A 3 3 F ( T H , T K , T L I = S 0 R T F ( S 1 1 » T H » T H + S 2 2 » T K « T K + S 3 3 » T L » T L 
U 2 . » S 1 2 » T H » T K + 2 . » S 1 3 » T H » T L + 2 . » S 2 3 » T K ' > T L ) 

P ( l ) = 2 . 
P ( 2 1 = 3 . 
P < 3 ) = 5 . 
P ( l 4 ) = 7 . 
P ( 5 ) = n . 
P I 6 ) = 1 3 . 
P ( 7 ) = 1 7 . 
P ( 8 ) = 1 9 . 

8 READ 9 
READ 1 , ( A . B . C > G A , G B , G G . M , J H . J K , J L ) 
R G A = . 0 1 7 l i 5 3 2 9 2 5 » G A 
R G B = . 0 1 7 U 5 3 2 9 2 5 » G B 
R G G = . 0 1 7 l t 5 3 2 9 2 5 » G G 
A 1 2 3 = C 0 S F ( R G A ) 
B 1 2 3 = C 0 S F ( R G B ) 
G 1 2 3 = C 0 S F ( R G G ) 
B C S I N A = B » C » S I N F ( R G A I 
A C S 1 N B = A » C » S I N F ( R G B I 
A B S I N G = A « B « S I N F ( R G G ) 
S I ) = B C S I N A » « 2 
S 2 2 = A C S 1 N B » « 2 
S 3 3 = A B S I N G » « 2 

S I 2 = A « B » ( C » « 2 ) » ( A ) 2 3 » B 1 2 3 - G 1 2 3 ) 
S 2 3 = ( A » » 2 1 « B » C » ( B 1 2 3 « G 1 2 3 - A 1 2 5 1 
S 1 3 = A » I B « « 2 ) » C « ( G 1 2 3 » A 1 2 3 - B 1 2 3 ) 
V = A « B » C » S Q R T F ( 1 . - A I 2 3 » » 2 - B 1 2 3 » « 2 

1 - G 1 2 3 » » 2 + 2 . « A I 2 3 « B 1 2 3 » G ) 2 3 I 
AA=A>A 
BB=B«B 
CC=C»C 

ABCOSG=A»B»COSF(RGG) 
ACCOSB=A«C»COSFIRGB) 
BCCOSA=B»C»COSF{RGA) 
WRITE OUTPUT TAPE 6,9 
WRITE OUTPUT TAPE 6,2 

WRITE OUTPUT TAPE 6,3,(A,B,C,GA,GB,GG,V) 
IF(M-2)50,60,70 

50 DP=V/BCSINA 
DO=V/ACSINB 
SIP=A 
SIO=B 





100 
91 
191 

101 
92 

192 

102 
93 
193 

AP^BCSINA 
A0=ACSIN8 
IPH=1 
IPK=0 
IPL=0 
IPHH=0 
IPKK=1 
IPLL=0 
G0T080 
DP=V/8CSINA 
OQ=V/ABSING 
SIP=A 
SIO=C 
AP=BCSINA 
AO=ABSING 
IPH=1 
IPK = 0 
IPL-0 
IPHH=0 
IPKK=:0 
IPLL=1 
G0TO80 
DP=V/ACSINB 
DO=V/ABSING 
SIP=B 
SIO=C 
AP=ACSINB 
AO=ABSING 
IPH=0 
IPK=1 
IPL = C 
IPHH=0 
IPKK=0 
IPLL=1 
WRITE OUTPUT TAPE 6,1) 
WRITE OUTPUT TAPE 6,5,(IPH,IPK,I PL,OP,SIP,API 
WRITE OUTPUT TAPE 6,5,{IPHH,IPKK,IPLL.OO,SIQ,AQ) 
WRITE OUTPUT TAPE 6,6 
IF (ABSF(GA-90.)+ABSFlGB-90.)+ABSF(GG-90.)) 100,90,100 
IHH=JH+1 
JH=0 
IKK=JK+1 
JK = C 
ILL=JLtl 
JL=0 
G0T0110 
IF (ABSFIGA-90.)tABSF(GB-90.)) 101,91,101 
IF (GG-120.) 191,90,191 
IHH=JH+ 1 
JH=0 
IKK=JK»2+1 
ILL=JL+1 
JL=0 
GO TO 110 
IF (ABSF(GA-90.l+ABSFlGG-90.)) 102,92,102 
IF (GB-120.) 192,90,192 
IHH=JH+1 
JH=0 
IKK=JK*1 
JK=0 
ILL=JL»2+1 
GO TO 110 
IF(ABSFIGB-90.)tABSF(GG-90. )I 66,93,66 
IF (GA-120.) 193,90,193 
IHH=JH+1 
JH=0 
IKK=JK+1 
JK = 0 
ILL=JL»2+1 
GO TO 1 10 
IHH=JH»2+1 
IKK=JK»2tl 
ILL=JL»2+1 
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110 D0150IH=i1,IHH 
TH=IH-JH-1 
D0150IK=1,IKK 
TK=IK-JK-1 
D0150 IL=1 , ILL 
T L = I L - J L - 1 
ATH=ABSFITHI 
AIK=ABSF(TK) 
ATL=ABSF(TL) 
IF (ATH-1 . ) 2 1 , 1 0 2 2 , 2 1 

21 IF (ATK-1.) 22,1022,22 
22 IF (ATL-1.) 23,1022,23 
23 ABC=MIN1F(ATH,ATK,ATLI 

00 55 1=1,8 
IF lABCI 31,32,31 

31 IF (ABC-Pd)) 1022,51,51 
32 IF (MAX1F(ATH,ATK,ATL)-P(I )) 1022,51,51 
51 IATH=ATH/P(I» 

IATK=ATK/P(I) 
IATL=ATL/P(I) 
AIH=IATH 
AIK=IATK 
AIL=IATL 
IF ( (ATHt-ATKtATLI-Pl I)»(AIHtAIK+AIL) ) 55,150,55 

55 CONTINUE 
1022 WAIT=D11F(TH,TK,TLI 

WD=V/WAIT 
WI=WI22F(TH,TK,TLI 
WA=A33F(TH,TK,TL) 
IF(M-2)71,72,73 

71 Ul1=(SIl.TH+S13»TL+S12«TK)/(WAIT«AP) 
U12=(S22«TK+S23»TL+S12»TH)/(WAIT«A0I 
VI1=(AA»TH+TL»ACCOSB+TK«ABCOSG)/(SIP»WII 
V12=(BB»TK+TL»BCC0SA+TH»ABC0SG)/(SI0»WI) 
GO TO 79 

72 U11=(SI1»THtS13«TL+S12»TK)/(WAIT»AP) 
U12=(S33»TL+S23»TK+S13»TH)/(WAIT»A0) 
V11=(AA»THtTL»ACC0SB+TK«ABC0SG)/(SIP»WI) 
V12=(CC»TLtTK»BCCOSAtTH»ACC0SB)/(SI0»WI) 
GO TO 79 

73 U11=(S22»TK+S23«TL<-S12«THI/(V<AIT>AP) 
U12-(S33»TLtS23»TK+S13»TH)/(WAIT«A8) 
VIl=(BB»TK+TL«BCC0SA+TH»ABCOSG)/tSIP»WI) 
V12=(CC»TLtTK»BCCOSAtTH»ACCOSBI/(SI0»WI) 

79UU11=90.-57.2957795«ASINFIU11) 
UU12=90.-57.2957795«ASINF(U12I 
VV11=90.-57.29 57795«ASINF(V11) 
VV12=9C.-57.2957795»ASINF( V12I 
ITH=TH 
ITK=TK 

WRITE0UTPUTTAPE6,7,IITH,ITK,ITL,W0,WI,WA,UU11,VV11,UU12,VV12) 

150 CONTINUE 
GOTO 8 
ENDIO,1,0,0,01 
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D. Input Cards : 

Input information for a problem consists of three cards with the 
following form: 

Card Columns Variable Description 

1 1 to 72 - Hollerith title card. A " 1 " in 
column 1 r e s to res output sheet for 
successive problems; otherwise it 
should be left vacant. 

2 1 to 12 a Lattice constants. Each value is 
13 to 24 b given with a floating-point decimal 
25 to 36 c which can appear at any position 
37 to 48 a in the respective fields. Five 
49 to 60 |3 digits may be given after the deci-
61 to 72 7 mal point. (Format 6E12.5) 

3 1 to 6 M Control parameter , as described 
above, to select indices of refer­
ence lattice elements. 

7 to 12 h Maximum values of indices. Each 
13 to 18 k of these and M is given as an in-
19 to 24 i teger, and they must be at the far 

right of their respective fields. 
(Format 416) 

E. Card-deck Arrangement: 

The card deck is arranged in the following order: 

Crystal geometry binary program deck 

Three data cards for each problem: 

Card 1 - Problem title 
Card 2 - Lattice constants 
Card 3 - Control parameters 

F . Operating Instructions: 

The general operating instructions for the program are as 
follows: 
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READER: 72 X 7Z board 

PUNCH! Not used 

PRINTER: N o t USCd 

SENSE SWITCH SETTINGS: A l l u p 

148Z/MET 143 
704 PROGRAM 

Programmer 

L. Bush 7/Zl/b2 

GENERAL OPERATING INSTRUCTIONS 

UF SWITCH: [ X 

TAPES: 

Input: FORTRAN Library Subroutine tape No. 1 

Scrotch: None 

Output - Printed 6 

- Punched N o n e 
To Be Saved N o n e 

Rewound by Progrom Prior to Calculation N o n e After NOJUii 

Monuol EOF Needed T a p e 6 

TIME BEFORE OUTPUT: N e g l i g i b l e NORMAL RUNNING TIME: S u b j e c t t o v a l u e s of h . k , ^ a , / 3 , a n d 
RUN NO LONGER THAN: y 

RUNNING PROCEDURE: (Indicate both regular and restart) 

1. READY tapes 1 and 6 

Z. Set UF switch on 

3. Raise sense switches 

4. CLEAR and LOAD CARDS (binary deck followed by data cards) 

5. Final stop HPR 0,1. Write EOF on Tape 6, remove the print under 

program control. 

STOPS (OCTAL): FORTRAN e r ro r stops 

AMD'S MZ-B1) 
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G. Running Time: 

The running time of a problem depends upon the lattice system and 
the maximum values chosen for h, k, and i . The sample problem given 
below required 15 sec. The largest problem encountered thus far pertained 
to the monoclinic system with maximum values of h, k, and i equal to 15. 
A total of 6,482 sets of output were obtained in 14 min on the IBM-704 
computer. 

H. Output Form: 

The form of the output is as follows: 

Printed Line Description 

1 Problem title 

2 Identification of input data a, b, c, a, |3, and y are 
given as Â , B, C, ALPHA, BETA, and GAMMA. 
V labels the unit cell volume which is computed 
from the unit cell constants. 

3 Values of a, b, c, a , /3, 7 , and V. 

4 Identification of the output pertaining to the re fer ­
ence principal lattice elements selected by the 
control parameter M is given as follows: III, K_l 
plus LT designate the indices, and Dl, II , and Al are 
the functions dĵ , I^, and Aĵ , respectively. 

5 and 6 Values of hp kĵ , £ ̂ , d^, I^, and Aĵ  for the reference 
lattice elements. 

7 Identification of the output generated by permuta­
tions of hî , kj, and i^ is given as follows: H2, K2, 
and L2 identify indices, D2, 12, and A2 identify the 
functions dj, Ij, and Aĵ  for the indices, the first 
PHI and RHO refer to the functions (p and p for 
the indices with respect to the first of the reference 
lattice elements, and the second PHI and RHO 
identify the same angles with respect to the second. 

8, etc. Values of h^, k^, i-, d-, I-, A^, 0i, pj, 0^, and p^. 
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IV. SAMPLE PROBLEM 

The program has successfully run test problems for all of the 
possible space latt ices. Alpha uranium was selected as a suitable sample 
problem for the purposes of this report . This metal has an orthorhombic 
crys ta l s t ructure with the following lattice constants at 24.6°C.^ ' 

a = 2.85360 A c = 4.95552 A 

b = 5.86984 A a = j3 = 7 = 90° 

The form of the data sheet, which is used for punching the three input 
cards, is shown in Figure 1. The maximum values for h, k and I were 
selected equal to 3 in order to limit the quantity of the output which is 
shown in Figure 2. 





704 I N P U T DATA 

FORM II 
COST CODE_ 148 

PROGRAM MET 143 

1 2 3 4 5 4 7 89 

1{1,4>I,2,/ tl,E,T, 

|R|5 

1 2 3 4 5 6 7 89 

PROBLEM ALPHA URANIUM 

I 

0 1 2 3 4 5 6 7 8 9 

1,4,3 

3,6,0 

1 i3 

,A,L,P,H,A 

5 . 

1 1 1 1 i3 

2 : 

0 1 2 3 4 5 6 7 8 9 0 

,U,R,A,N, 1 

,8,6,9,8,4 

1 1 1 1 i3 

U,M, ,(,2,4 

1 , , , ,4 

0 1 2 3 4 5 6 7 8 9]o 1 2 3 4 5 6 7 8 9 

1 I ' 

ORIGINATOR L T 

1 2 3 4 5 6 7 8 9 

• |6,C,) , ,S 

.,9,5,5,5,2 

A,M,P 

LLOYD 

4 

0 1 2 3 4 5 6 7 8 9 

L|E| 

,9,0 

1 1 1 1 1 
0 1 2 3 4 5 6 7 8 9 

3 

PiR,0,G,R,A 

. ,0,0, , , 

M 

0 1 2 3 4 5 6 7 8 9 

4 

DATE 8/1/6 

5 

0 1 2 3 4 5 6 7 8 9 

|L|.,T,. 

, , ,9,0 

L,L,0,Y,D 

.,0,0, , 

2 PAGE 

6 

0 1 2 3 4 5 6 7 8 9 

0 1 2 3 4 5 6 7 8 9 

5 

X,2,2,4,9| 

1 , < ,9 ,0 

8|/,1 

.,0,0 

0 1 2 3 4 5 6 7 8 9 

6 

1 OF 1 
7 

0 1 2 3 4 5 6 7 8 9 

/ ,6,2 

8 

0 

1 1 1 1 1 1 

0 1 2 3 4 5 6 7 8 9 

7 

0 

8 

Figure 1. Data Sheet - Alpha Uranium Sample Program 





Figure 2. Output Sheet - Alpha Uran ium Sample P rog ram 

l l l82/MET1l<3 ALPHA US6N1UK (211.6CI SAMPLE PROGRAM L.T.LLOYD X22U9 8 / 1 / 6 2 
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A B C 
2.6bib0i 00 b.869SUI= 00 11.95552E 00 

ALPHA 
90.0000 

RETA 
90.0000 

GAMMA V 
90.0000 B.SOOSeE 01 

HI KI Ll Dl II Al 
1 0 0 2.85360e 00 2.B5i60E 00 2.90B81E 01 
0 0 1 U.95552F CO U.95!552E CO 1.675C2E 01 

H2 
0 
0 
0 
0 
0 
0 
0 
0 
G 
0 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
5 
3 
3 

3 
3 
3 
3 
3 
3 
3 

3 

K2 
0 
0 
1 
1 
1 
1 
2 
2 
3 
3 
0 
0 
a 
0 
1 
1 
1 
1 
2 
2 
2 
2 
3 
3 
3 
3 
0 
0 
1 
1 
1 
1 
2 
2 
3 
3 
3 
3 
0 

0 

2 
2 
2 
2 
3 

3 

L 2 
0 
1 

u 
1 
2 
3 
1 
3 
1 
2 
0 
1 
2 
3 
0 
1 
2 
3 
0 
1 
2 
3 
0 
1 
2 
3 
1 
3 
0 
1 
2 
3 
1 

3 
0 
1 

2 
3 
1 
2 
0 
1 
2 
3 

0 
1 
2 
3 
1 

2 

0 . 
k. 
5 . 
3 . 
2 . 
1 . 
2 . 
1 . 
1 . 
1 
2 
2 
1 
1 
2 
2 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
9 
9 
8 
9 
9 
8 

8 
9 
B 
8 
7 
8 
8 

02 
OOOOOE-MO 
9b552E OC 
8698UE DO 
786'56E 00 
28272E 00 
59008b 00 
52526E JO 
M3950E 00 
819B9E 00 
53b57E 00 
853ACE 00 
U7290E 00 
8 7 09 IE .Vj 
12 96GE 00 
556U0t 00 
278V2F 00 
782556 o : 
38 9tOE 00 
0lt595E 00 
8911 IE 00 
57763E OC 
2852UE 00 

.61371E 00 

.5311UIE 00 

.3b222E 00 
15M31E 00 

.37110K 00 

. 0 7 9 r 7 E 00 

. 386113E 00 

. 3 3 5 t 6 E 00 

.20990E 00 

.06195E 00 

. 21122 3 E 00 

.01336E 00 

.1528UE 00 

.12285E 00 

.0U52UE 00 

.U5367E-01 

.3U 1U7E-01 

.88012E-G 1 

. 3 8 9 5 2 E - 0 1 

. 2 2 5 3 8 E - 0 1 

.78022E-0 1 

. 16291E-01 

.OUa63E-01 

.90 1l(6E-0 1 

. I19959E-0 1 

.9.1595E-01 

. l * 2 9 9 8 t - 0 1 

. 0b628E-01 

0 . 
U . 
5 . 
1 
1 
1 . 
1 
1 
1 
2 
2 
5 
1 
1 
6 
8 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
7 
1 
8 
9 
1 
1 
1 
1 
1 
1 
2 
2 
9 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 

12 

95552E 
8698itE 
A819UE 
i 5 i a e E 
59e3iiE 
27lt27E 
89 t29E 
82935E 
0207CE 
85360E 
718l t lE 
03137E 
513806 
52672E 
19l|83E 
1867CE 

.62362E 

.20815E 
30533E 
56266E 

.91b67E 

.78392E 

.e51U7E 

.011075E 

.32218E 

.558396 

.592KUE 

.187016 

.569976 

.285526 

.697186 

.3962l tE 

.978U0E 

.85113E 

.91631E 

.09975E 

.3T1120F 

.89 I6UE 

.3096U6 

.037996 

.150226 
.U351 IE 
.813176 
.U5295E 
.5351U6 
.758806 
.078756 
.019756 
.191(566 

0 0 
0 0 
0 0 
01 
0 1 
01 
01 
01 
0 1 
0 0 
0 0 
0 1 
0 1 
0 0 
0 0 
01 
01 
01 
01 
L l 
01 
01 
01 
01 
01 
0 0 
01 
0 0 
0 0 
01 
01 
01 
01 
0 1 
0 1 
0 1 
01 
00 
01 
01 
C I 
01 
01 
01 
0 1 
0 1 
0 1 
01 
0 1 

A2 

c. 
1.67502E 
1.U1U1IE 
2 .19212E 
3.63627E 
5.22023E 
3 .287026 
5 .766286 
U.561C36 
5.U0556E 
2 .908816 
3.35662E 
11.1(36666 
5.80623E 
3.23i(33E 
3.6U2336 
U.656576 
5.97595E 
l ( .05 7C9E 
U.389276 
5.261UUE 
6.'(58U2E 
5.1l(378E 
5.l(096UE 
6.13850E 
7.1909UE 
6.05396E 
7.68738E 
5.98702E 
6.21692E 
6.86055E 
7.81637E 
6.68201E 
8 .191136 
7.2001UE 
7 .392Ut6 
7.91(1 336 
8 .780276 
8.8857U6 
9.3U7376 
8.81(0276 
8 .997566 
9.1(53736 
1.016876 
9 .173306 
9.32U97e 
9 .765876 
1.0U5956 
9.81(6506 
1.026506 

0 1 
0 1 
01 
0 1 
0 1 
0 1 
0 1 
0 1 
0 1 
0 1 
0 1 
01 
0 1 
0 1 
0 1 
01 
0 1 
01 
0 1 
0 1 
0 1 
0 1 
0 1 
0 1 
0 1 
0 1 
0 1 
0 1 
01 
01 
01 
0 1 
0 1 
01 
0 1 
0 1 
01 
01 
0 1 
01 
0 1 
0 1 
0 2 
01 
0 1 
01 
0 2 
0 1 
0 2 

P H I 
90 .0000 
90 .0900 
90 .0000 
90.OOOO 
90 .0900 
90 .0000 
90 .0000 
90 .0000 
90 .0000 
90.000C 

0 .0009 
29 .9352 
1(9.0325 
59 .9151 
25 .9265 
37 .0022 
51.3U21 
60 .8726 
UU. 1951 
l (8.K931 
56.U169 
63 .2312 
55 .5629 
57.U722 
61.71U6 
66 .1395 
16.0622 
U0.8193 
13 .6621 
20.61(67 
32 .0072 
1(1.9021 
29.U669 
UU.71(60 
36 .1002 
38 .0965 
U2.8975 
1(8.5032 
10.8656 
21 .0016 

9.20U7 
11(. 1 0 1 2 
22 .6213 
3 0 . 8 8 8 3 
17.9571( 
20.6U01 
26.675U 
33.U560 
27.591(6 
31 .7760 

RHO 
99 .0000 
90 .0000 
90 .0000 
90 .0000 
90 .0000 
90 .0000 
90.0000 
90 .0000 
90 .0000 
90 .0000 

0 .0000 
60.061(8 
73.9378 
79.13UU 
6l ( .0735 
69 .6215 
76 .0861 
79 .8773 
76 .3379 
77.3775 
79.1(781 
81.1(333 
80 .7953 
81 .1339 
81 .9619 
82.9l(1U 
1(0.9675 
68.998K 
U5.801(9 
53 .3900 
63.61(31 
70.3U99 
65.873U 
73 .2333 
72.0U26 
72 .6731 
T>.22Rk 
76 .0908 
30.06U9 
U9.1807 
3U.U371 
U1.9029 
53 .3803 
61 .8263 
53 .8998 
56 .1061 
60 .8733 
65 .6806 
6U.9218 
67 .0398 

P H I 
90.0900 

0 .0000 
90 .9000 
UO.1722 
22.88511 
15.7172 
59 .3637 
29 .3718 
68.U5l(2 
51 .7^29 
90.0000 
60.061(8 
1(0.9675 
30.061(9 
90 .0000 
62 .6209 
43 .9932 
32.7670 
V0.0090 
67 .5661 
50.U527 
38.9165 
90 .0090 
71 .9627 
56.921(7 
US.6689 
73 .9378 
U9.1807 
90 .0000 
7U.3697 
60 .7708 
U9.992U 
75 .ua25 
52 .1588 
90.000C 
76.9038 
65.0U87 
55.088U 
79.13UU 
68.998U 
90 .0000 
79 .2710 
69.2U57 
60.38U9 
90 .0000 
79 .6520 
69 .9381 
61 .2865 
80 .2056 
70 .9523 

RHO 
90 .0000 

0.0000 
90.0009 
U9.82 78 
30 .6363 
21.5U58 
67.11U6 
38 .2971 
7U.2828 
60 .6282 
90 .9000 
29 .9352 
16.0622 
10.8656 
90 .0000 
52 .7918 
33 .3661 
23.792U 
90 .9000 
67 .6979 
50.636U 
39 .0995 
90.0000 
7U.U75U 
60.9UU5 
50.193U 
U9.0325 
21 .0016 
90 .0000 
58 .8139 
39.558U 
28.8U16 
6 9 . 2 1 16 
U1.28UU 
90 .0000 
75.9132 
61 .8352 
51 .2318 
59 .9351 
U0.8193 
90 .0000 
6U.U795 
U6.3237 
3U.9229 
90 .0009 
71 .1673 
55 .7099 
UU.3U31 
75 .7973 
63 .1525 
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